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Structure and formation mechanism of the E’, center in amorphous SiO
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We provide a possible formation mechanism for one of the Si-related paramagnetic centers in
amorphous silicaE/,, which is stable only below 200 K, on the basis of the quantum-chemical
calculations. We show that the divalent Si defect can trap a hole, resulting in two different types of
paramagnetic centers that are consistent with the experimental spectral feat#és Tare highly
anisotropic symmetry and the isotropic hyperfine coupling constants observed for oneEjfthe
center variants are reproduced by the present model20@1 American Institute of Physics.
[DOI: 10.1063/1.1369147

It is accepted that the photosensitivity of amorphousvacancy as a candidate for the precursoEff The divalent
silicon dioxide @-SiO,) is closely related to the nature of Si, which yields the optical absorption band-a6.0 eV!?
intrinsic point defects that can be transformed into othercan be viewed as a twofold coordinated Si, and therefore, it
defect species during the irradiation prock$aurthermore, s possible that this oxygen-deficiency cent@DC) is also
point defects, both intrinsic and photoinduced forms, resultesponsible(although partially for the paramagnetic forms
in the degradation of the optical properties of the silicon-of ODCs such asE’ centers upon irradiation. Recently,
based materials such as fiber waveguides and metal-oxideskuja? indeed suggested that the divalent defect is subject to
semiconductor devices. Thus point defectsak$iO, have  structural rearrangement upon ionizing irradiation or trap-
been the subjects of intense research although their structuging of a hole on the defect.
and generation mechanism are still a matter of controversy. Figure 1 shows the ${O;gH;5 cluster, termed model 1,

The most widely investigated point defectanSiO, is  sed to model the divalent Si defect embedded in the, SiO
the so-called E” center,” which can be best characterized framework. The “surface” silicon atoms in the cluster were
by electron spin resonanceESR sllgnalsz.. The generic  torminated by hydrogen atoms to saturate the dangling
model of theE’ center is an unpaired spin in a dangling ponds. The geometry of model 1 was optimized at the
tetrahedral orbital of a three—coordinatled silicon atom, i'e'Hartree—Fock(HF) level without imposing any structural
= Si-, where "=" denotes the three Si-O bonds and™ ., qiraints using the 6-316 basis set® We then fully re-
represents the unpaired electron. It has been established tl?ﬂattimized the geometry of model 1 at the unrestricted HF
in a-SiO, there exists at least four distinguishable Si'relaxed(UHF)/G-Sle(d) level by assuming a total charge fl to

H ’ ’ ’ 3,4
Fharamtagnetlfctﬁ;rater(fz, E“I Eg. a?d. E5). Howev((jer, .thsimulate an ionizing irradiation process. Adb initio MO
€ nawure o o CENIET 1S 1€SS Certain as compared Wit .- 1ations in this work have been performed with the

the otherE’-center variants, and at present there exists n% AUSSIAN-98 broaram4
plausible model to account for the observed ESR character- program.

istics for theE/, center*=® Thus, the aim of this letter is to

EL(;Vr:(th?m?cElansilctz);? cngﬁ;%?;tgntsrﬁ“ center on the basis of In model 2, the divalent S{Sil) traps a positive hole and
. attracts a nearby bridging oxygen at¢®?2) to form a struc-

Grisconl has shown that th&/, center is stable only wral unit havi h dinated silic®il) and
below ~200 K, suggesting a transient nature of this defect._ra! unit having one three-coordinated si icgsi1) and one

Grisconl has also demonstrated that two variant€Egfare three-coordinated oxyge(D2) atoms. These calculated re-
presentE, andE/,, characterized by extreme anisotropic sults allow us to S,UQQGSt that whep one ,Of the lone pair of
electrons on the divalent Si defect is excited to the conduc-

symmetry and “near axial’ symmetry, respectivelgee
y Y y Y P s tion band, the siliconsp? hybrid orbitals on the two-

Table ). It has been found that thE,, center, which is X i ) 3
generated on x-ray irradiation at 77 K, is converted into thetoordinated center will be relaxed into the™-like ones by

E!, center after exposure to room light. This result indicate@ttracting a nearby bridging oxygen atom, resulting in the

that the latter center is more energetically favorable than the

former one. TABLE |. Observed(Ref. 4 and calculated spin Hamiltonian parameters
Previously, it has been generally assumed that possiblier the E, variants in amorphous silica.

precursors of th&'-center variants are the oxygen monova-

If we simply assume a total charge &fl for model 1,
we obtained the configuration termed modés@e Fig. 2a)].

. _ A (m
cancy and/or its related defect cenftel’ As for E/,, how- L
ever, it would be difficult to give a reasonable structural Center O 9 3 Obs. Calc.
model in tern_15 of thls_ assumptlon. Thus, in this letter, we El, 20018 20013 1.9998 42 4391
employ the divalent Si defect instead of the oxygen mono- E/, 2.0018 2.0006 2.0003 42 42%3
#Calculated value for @i in model 2 at the UHF/6-31@) level.
3Electronic mail: uchino@scl.kyoto-u.ac.jp PCalculated value for @i in model 3 at the UHF/6-31(@) level.
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FIG. 1. Structure of the $iO1gH1g cluster including the divalent Si defect

(model 1 optimized at the HF/6-31(@) level. Principal bond distances and

bond angles are shown in A and degrees, respectively. Mulliken atomic (b)
chargegy are also shown.

Bond distances

Sig1yO)=1.657

Si-Oz)=1.655
three-coordinated Si site. It should also be noted that the spit ::m-g(s)jggg
density of Sil in model 2 is calculated to be 0.915, indicating SigeyOpy=3.303
an unpaired electron in model 2 is almost localized at the @ Sigzy-Ogy=1.562
newly formed three-coordinated silicqn site. We have e_1|so 131736 z:g:gl(:;;%ﬂ
found that model 2 can further relax into the configuration p=0.009
termed model 3see Fig. 2b)], which is lower in total en- Bond angles

ergy than model 2 by 0.63 eV. This structural transformation f;;;;;’.g;i‘g;:ﬁi?
is accomplished just by breaking the Si2—02 bond in model
2, resulting in two different three-coordinated silicon sites
(Sil1 and Si2in model 3. In model 3, the unpaired spirs
almost localized at one of the three-coordinated silicons,
Sil (ps1=0.928), and therefore, the rest of the three-gg 5 Optimized geometries of tt{8i;,0,gH;9) ™ clusters calculated at the
coordinated silicon(Si2) can be regarded as the hole- UHF/6-31Gd) level: (8) model 2,(b) model 3. The total energy of model 2
trapping center #Si2+)_ The isotropic hyperfine splittings is higher than that _of model 3 by 0.63 eV. Pri_ncipal bon.d distance_s and bond
for Si1 in models 2 and 3 are calculated to be 43.9 and 42.823'2;?3 ::;;’i";p";é 2?;1?::@? respectively. Mulliken atomic charges
mT, respectively, which are in agreement with the observeg
values forE/, (see Table)l

It should also be worth mentioning that model 2 is ca-
pable of explaining the strong anisotropy observedEfy .
As shown in Fig. 2a), the paramagnetic part of the defect

the higher energy form of the positively charged cluster
(model 2 is characterized by a very anisotropic configura-
tion, whereas the corresponding defect in the lower energy
PN : : , L form (model 3 by near axial symmetry. We suggest that
(fs'l') n model 2 has an anlsotroplc_conf|gurat|on, thethese two different paramagnetic defects derived originally
Si—0 bond distances in this structural unit range freth58 . . .
. . . from the divalent Si defect account for the experimental ESR
to ~1.80 A. Such an anisotropy is inherent in the fact that L , . ,
L : . L characteristics for the twd) variants, namelyE ; and
one of the consisting oxygen atoms in teeSil- unit is a , @ @

three-coordinated oxygen. On the other hand,=®1- unit a2

in model 3 has similar Si-O bond distandds608, 1.657, The authors would like to thank the Supercomputer
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